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PLASMA GENERATOR FOR RADIO 
FREQUENCY SURGERY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present Invention relates to a plasma generator for 
generating a cold plasma jet beam in the application field of 
medicine and in particular of Surgical applications as well as 
in other fields of Science. 

2. Brief description of the Background of the Invention 
Including Prior Art 

Plasma Sources, which are capable of generating a plasma 
under atmospheric pressure conditions and having a tem 
perature of above 1000 degrees centigrade belong to the 
general State of the art. The heating of a plasma is effected 
by classic electromagnetic induction, and in fact by the 
inductive heating of electrically conducting media in an 
alternating electromagnetic field of an induction coil. This 
plasma Source comprises a high Voltage alternating current 
generator, a tubular shaped quartz container and a liquid 
cooled induction coil, wherein the induction coil exhibits a 
large number of windings. A coil of 10 cm diameter is 
absolutely necessary to be furnished with many windings in 
order to be able to generate an induction in a Volume of 
about one liter. The inductive resistance increases with 
frequencies of more than 1 MHz very much. It is difficult in 
general to adapt the high Voltage generator to the inductive 
resistance because the effective output power is thereby 
decreased. The development of a plasma Source according to 
the state-of-the-art effect leads to a reduction of the 
dimensions, however, also to a lesser effectiveness and to 
high plasma temperatures, which means a limitation of the 
field of application in particular in the field of medicine, 
biology and ecological treatments. 

Other plasma generators are employed in electrical dis 
charge apparatus, wherein the electrical discharge apparatus 
is equipped with an electronic oscillator, a modulation unit, 
a resonance transformer, and a rod shaped discharge elec 
trode. A plasma jet beam is generated here between the end 
of the electrode and the object. The electronic oscillator 
generates Oscillations of the order of magnitude of from 
about two hundred to 300 kHz. The modulator Switches the 
oscillator Signal on and off in a frequency region of from 
about three kHz to 5 kHz. Thus the modulator generates a 
densified excitation of the resonance transformer and of the 
object. This apparatus leads to a favorable therapeutic effect 
for the treatment of numerous illnesses mainly by applying 
heat to certain regions of the body. 

This apparatus has however uncovered insufficiencies of 
the kind that the discharge transformation from the corona to 
the shape of the spark becomes visible and wherein the 
conduit leads directly into the tissue. 

The classical corona and the Spark discharge result 
unavoidably in ionization, electrical breakdown and heating 
of the air gap between the electrode and the body employed 
as a Second electrode. A heat conditioned chaotic motion of 
particles in the discharge region is associated herewith. 

The conventional radio frequency Surgery works with a 
radio frequency generator in case of the Spray coagulation 
or, respectively, argon coagulation (plasma discharge in an 
argon jet beam), wherein the radio frequency generator 
operates according to the method of shock impulse excita 
tion and impact ionization of oscillating circuits. This 
impulse excitation of an oscillating circuit delivers short 
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2 
radio frequency pulses (bursts) with a pause interval of a 
relatively long time duration with respect to the pulse 
duration. The ratio pulse time duration/pause interval dura 
tion amounts to generally about 10 to 20 percent. This leads 
to a high peak power during the bursts and furthermore very 
high peak currents, which can reach Several amperes. The 
capacity between patient and ground is insufficient under 
these conditions to close the current circuit. For this reason 
a neutral electrode is necessarily required in conventional 
radio frequency Surgery. Furthermore the high currents 
result in a relatively large contact area of the electric arc on 
the tissue of Several Square millimeters and consequently are 
asSociated with a relatively large penetration depth of the 
heat effect. In addition, the flowing through of high peak 
currents through the tissue leads to a high current load even 
in larger depths, which can lead to damages at Sensitive 
tissues, for example nerve tissue in the brain. The Spectrum 
of a radio frequency current, which consists out of short 
bursts, comprises always a not to be underestimated part, 
which part is derived from the pulse repetition frequency. 
This frequency is generally in the range of between 10 and 
70 kHz. These low frequencies can cause damage at Sensi 
tive tissues. Plasma generators of conventional kind, which 
generate the plasma inductively or by an arc discharge are 
too heavy because of the necessary cooling requirements for 
this purpose to be placed into a hand piece. Furthermore the 
conventional plasma generators exhibit a very high plasma 
temperature of up to Several thousand degrees centigrade as 
a thermal plasma. 
A further plasma generator is described in the European 

printed patent document EP-A 0837622. This generator 
comprises a Voltage Source, an electrical oscillator, wherein 
the electrical oscillator is furnished with an amplifier con 
nected to a low Voltage device, a resonance transformer 
furnished with a low Voltage input and a high Voltage output, 
and a connection of the high Voltage output of the resonance 
transformer to the discharge electrode. This oscillator is 
furnished with a feedback winding, wherein the feedback 
winding is furnished for the operation with a single Stage 
power oscillator. The very low stability of the discharge 
amplitude and the there with associated problems of the 
power control are disadvantageous in connection with Such 
a single Stage oscillator. 

U.S. Pat. No. 4,781,175 to McGreevy et al. teaches an 
electroSurgical conductive gas Stream technique of achiev 
ing improved eschar for coagulation. A predetermined ion 
izable gas in a jet is conducted to the tissue at a predeter 
mined flow rate Sufficient to clear natural fluids from the 
tissue and to expose Substantially the tissue Stroma. To 
achieve fulguration electrical energy is conducted as arcs in 
the ionized conductive pathways. 
The European patent application EP 07874.65 A1 to Kim 

et al. teaches a cold plasma coagulator. The cold plasma 
coagulator of the reference includes a high frequency power 
Supply, a gas dynamic block and a plasmotron. The power 
Supply includes a rectifier, a capacitor Storage and a Voltage 
inverter. A resonance inductor and a dielectric tube are 
located coaxially with the one end of the dielectric tube 
being connected to the gas dynamic block and the Second 
end of the dielectric tube in position to eject plasma through 
an output nozzle. The coils of the resonance inductor consist 
of a low voltage Section and a high-voltage Section, wherein 
the low voltage Section of the resonance coils is connected 
to the output of the Voltage inverter. 
The German Democratic Republic patent 79087 to G. 

Pforr teaches a device for operating an inductive plasma 
torch. A high frequency alternating current derived from a 
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high frequency generator is fed into an operating coil. The 
operating coil is disposed Separately from the high fre 
quency generator in an adjustable way and is connected by 
a power coaxial cable to the high frequency generator. An 
inductive plasma flame is generated within an insulating 
tube within the operating coil. 

The European patent specification 0155496 to Peter 
Gagne teaches a plasma emissions Source. The plasma 
emissions Source comprises a radio frequency power 
generator, a plasma torch, means for automatically and 
continuously maximizing the radio frequency power trans 
ferred from the generator to a load coil. A Series network and 
a shunt network are tunable for matching the impedance of 
the power generator and of the load coil. Each network 
includes at least one variable capacitor, a control means for 
driving the capacitors, wherein the control means includes a 
first motor means and a Second motor means for driving Said 
at least one capacitor of each network respectively, as well 
as a detector means for providing input Signals representa 
tive of the phase relationship of the radio frequency Voltage 
and the radio frequency current. 
A hand piece for Surgical cutting with a plasma jet beam 

is taught in U.S. Pat. No. 4,781,175 to Birtcher and shown 
in particular in FIGS. 6 to 9. 

Conventional radio frequency Surgery apparatus deliver 
unsteady Signals exhibiting high current peaks of Several 
amperes. These current peaks of conventional apparatus can 
cause damages also in deeper disposed tissue Sections based 
on high electrical potential at the inside and at the outside of 
the cell membrane. 

The recited problems of the known plasma generators 
have led in principle to a limitation in the application of 
electromagnetic technology in medicine and here particu 
larly in the Surgery field. 

SUMMARY OF THE INVENTION 

1. Purposes of the Invention 
It is an object of this present invention to develop an 

alternative plasma generator for Surgical applications, 
wherein the alternative plasma generator does not exhibit the 
recited problems of conventional plasma generators. 

It is another object of the present invention to furnish an 
eschar with a cold plasma jet beam Surgical appliance, 
wherein the eschar, if possible, does not exhibit any coking 
and carbonization products based on oxygen inclusions, as 
escharS can occur in connection with the argon plasma 
method. 

These and other objects and advantages of the present 
invention will become evident from the description which 
follows. 

2. Brief Description of the Invention 
The present invention is directed to a cold plasma device 

to be used in radio frequency Surgery for coagulation of 
tissue Surfaces and for the removal abrading of tissue. 

The cold plasma apparatus according to the present inven 
tion comprises a radio frequency generator, a resonance 
transformer, a hand piece and a gas Supply for He. 

The apparatus Serves for coagulation of tissue by way of 
plasma discharge in the radio frequency Surgery field with 
the following construction and features. A radio frequency 
generator delivers its signal to a resonance transformer. The 
resonance transformer transforms the radio frequency Signal 
of about 350 kHz to a voltage level of from about 2000 to 
3000 volts. The output of this resonance transformer 
(Secondary winding) is connected to a hand piece through a 
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4 
coaxial conduit with integrated gas feed of Helium. The 
Second pole of the Secondary winding is grounded. The hand 
piece includes an electrode tip, wherein the electrode tip is 
disposed in a nozzle, wherein the nozzle is passed through 
by and is flown around by the protective gas He. This 
electrode tip is connected to the wire of the coaxial line 
conducting the radio frequency Voltage through a capacitor. 
If the radio frequency generator is activated, then an imme 
diate corona discharge is performed at the electrode tip 
within the nozzle. The gas current drives the corona dis 
charge to the outside through the nozzle Such that a flame 
discharge in air occurs. If this flame is directed toward a 
tissue, then an arc discharge is started to the tissue with a 
corresponding lighting arc appearance. The high current 
density occurring at the point of impingement as well as the 
acceleration of the charge carriers (ions) immediately at the 
impingement point of the electric light arc effect coagulation 
and an evaporation of the tissue in case the radio frequency 
has been selected to be sufficiently high. 
The radio frequency current then flows as a dielectric 

displacement current from the Surface of the patient to 
ground, as long as the patient is not electrically grounded. A 
neutral electrode is not employed and thereby a direct 
electrical current flow through the patient is prevented or, 
respectively, Substantially reduced. The capacitor incorpo 
rated in the hand piece limits the radio frequency current to 
values below under 150 mA based on the small capacity of 
the capacitor Such that the maximum permissible radio 
frequency leakage currents in radio frequency Surgery will 
not be Surpassed. The resonance transformer is not excited 
by pulses in contrast to conventional radio frequency Sur 
gical apparatus and the excitation of the resonance trans 
former is continuously performed. The resonance trans 
former thus delivers a pure Sinusoidal Signal without the 
high current peaks of Several amperes present in conven 
tional radio frequency Surgery apparatus and these signals 
do not cause damages in deeper disposed tissue Sections of 
the tissue. 

The cutting effect in radio frequency Surgery is based on 
the principal of cellular rupture. The obtained cuts can be 
distinguished as Smooth cut, cut rich of coagulation and cut 
with eschar. 
A Smooth cut in radio frequency Surgery is largely com 

parable to a cut obtained the conventional Scalpel, that is the 
cutting Surfaces are only slightly colored. The cutting mode 
of the Smooth cut is achieved with an unmodulated radio 
frequency current and by carrying out the cut quickly. 
A reduction of cutting Speed provides a more coagulated 

cut or, respectively, a cut with an eschar. The same result is 
achieved when employing a pulse modulated radio fre 
quency current with the same average power. 
The power necessary for performing a radio frequency cut 

depends on the Shape of the electrode, the type of the tissue 
and the resistance of the tissue. If the power is to low, then 
no cell rupture takes place and the tissue Sticks to the 
electrode. If the applied power is too high then Spark 
discharges in electrode and tissue are possible, which causes 
carbonization of the cut Surfaces. 

The tissue is heated more or less to Such a degree that no 
cell rupture occurs for obtaining coagulation. The tempera 
ture of coagulation is above 50 degrees centigrade. This 
temperature leads to a coagulation of the intra-cellular and 
of the extra cellular albumine by boiling of the tissue. 
Perforated blood vessels contract to Such extent that the 
vessel is totally closed and no blood flows out. In order to 
obtain this effect an electric current must heat the tissue at 
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a Sufficiently slow speed So that intra-cellular and extra 
cellular fluids are vaporized without destroying the cell 
membranes. The cells contract by loss of fluid and the cell 
walls are welded together. This kind of coagulation is 
frequently called contact coagulation because the electrodes 
are brought into direct contact with the tissue. A Supply of 
radio frequency current causes a light coloring of the tissue 
and a flow out of tissue fluid due to cellular coagulation. 
The present invention furnishes a separate oscillator 

uSable with respect to frequency to the plasma generator for 
generating a cold plasma jet beam, wherein the oscillator 
controls a power end Stage. 
An embodiment of the plasma generator comprises that 

the output Signal of the end Stage operating as a Switch is 
furnished to the primary winding of the ignition coil. 

It is a further feature of the plasma generator that the 
phase difference between the Oscillator Signal and the output 
Signal of the final Stage is measured at the primary winding 
for tuning the oscillator frequency. 

According to a further embodiment of the subject of the 
present invention a control System is furnished, wherein the 
oscillator frequency is tuned relative to the resonance fre 
quency of the ignition coil by the control System. 

In addition, the plasma generator includes an automatic 
control of the radio frequency performed by changing the 
operating Voltage and wherein the power is captured by 
multiplying input current and the input Voltage at the final 
Stage. 

The novel features which are considered as characteristic 
for the invention are set forth in the appended claims. The 
invention itself, however, both as to its construction and its 
method of operation, together with additional objects and 
advantages thereof, will be best understood from the fol 
lowing description of Specific embodiments when read in 
connection with the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

In the accompanying drawing, in which are shown Several 
of the various possible embodiments of the present inven 
tion: 

FIG. 1 shows a view of a Schematic diagram illustrating 
a first embodiment of the plasma generator and of the hand 
piece, 

FIG. 2 shows a detail view of the hand piece according to 
FIG. 1, 

FIG. 3 shows a view of a Schematic diagram of a Second 
embodiment of a plasma generator employed in connection 
with a hand piece, 

FIG. 4 shows a sectional view of a first hand piece, 
FIG. 5 is a sectional view of the electrode tip positioned 

in the hand piece, 
FIG. 6 is a sectional view of an inclined metal tube with 

a gas discharge, wherein the metal tube serves at the same 
time as an electrode, 

FIG. 7 is a sectional view of a straight metal tube with a 
gas discharge, wherein the metal tube Serves at the same 
time as an electrode, 

FIG. 8 is a perspective explosive view of a hand piece 
assembled with a Screw connection according to the present 
invention, 

FIG. 9 is a side elevational explosion view of a hand piece 
including an exchangeable probe, 

FIG. 10 is a sectional view of a first probe for endoscopy, 
FIG. 11 is a sectional view the first probe of endoscopy 

according to FIG. 10, 
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6 
FIG. 12 is a sectional view of a second probe for 

endoscopy, 
FIG. 13 is a detailed sectional view of the resonance 

transformer, 
FIG. 14 is a sectional view of the resonance transformer 

together with a ferrite core, 
FIG. 15 is a perspective explosive view of a hand piece 

according to the present invention Similar to the construction 
according to FIG. 8, however showing a plug-in connection, 

FIG. 16 is a view of a block circuit diagram illustrating a 
plasma generator, 

FIG. 17 is a view of a diagram illustrating the connection 
and construction of the hand held Surgical plasma jet beam 
appliance. 

DESCRIPTION OF INVENTION AND 
PREFERRED EMBODIMENT 

The radio frequency generator according to the present 
invention is connected directly to a resonance transformer. 
The radio frequency generator comprises a Switching 
transistor, which periodically interrupts the operating Volt 
age at the primary coil of the resonance transformer, an 
automatic device tuning the Switching frequency of the 
transistor automatically to a resonance frequency of the 
resonance transformer, and a device for capturing the elec 
trical power discharge at the resonance transformer for 
automatically controlling and delimiting the output power 
by variation of the operating Voltage. 
The System according to the present invention comprises 

a radio frequency generator 3, wherein the radio frequency 
generator 3 generates a radio frequency Voltage with a 
Switching transistor 5, a resonance transformer 6, wherein 
the radio frequency Voltage is conducted through a coaxial 
line 11 and a capacitor 18 of small capacity of from about 5 
to 50 pF to a metal tip 22. This metal tip 22 is disposed in 
a nozzle 23 at the end of a hand piece 17. At the same time 
an easily ionizable noble gas Such as He is lead from a gas 
Supply apparatus 2 not described in detail here through a gas 
tube 12 disposed in the cable 14 of the hand piece 17 into the 
hand piece 17. The gas Supply apparatus 2 and the radio 
frequency generator form a Supply module Surrounded by 
casing 1. The gas line 19 joins within the hand piece into a 
metal tube 20 with the gas discharge openings 21 and the 
metal tip 22 (FIG. 2). The gas flows as a gas beam from the 
gas discharge openings 21 out of the nozzle 23. If the radio 
frequency generator is Switched on, then the radio frequency 
current passes through the co-axial cable 11, the hand piece 
cable 14 and the capacitor 18 to the metal tip 22. In case of 
a Sufficient radio frequency Voltage, an electrical discharge 
occurs from the metal tip 22 onto the tissue surface 29 of the 
patient to be treated. The radio frequency current flows from 
the patient as a capacitive displacement current 30 to ground 
and passes the ground connection 31 back to the radio 
frequency generator. A neutral electrode as is employed in 
the conventional Standard radio frequency Surgery is here 
not required. Based on the Specific construction of the radio 
frequency generator with a resonance transformer 6, 
wherein the Secondary winding of the resonance transformer 
6 forms a parallel oscillating circuit together with the 
capacity of the coaxial line 11 and wherein a nearly sinu 
Soidal radio frequency Voltage is generated by controlling 
the transistor 5 with the resonance frequency of the reso 
nance transformer 6. The capacitor 18 disposed in the hand 
piece delimits the radio frequency current to Sufficiently 
Small values under 150 mA corresponding to the Standard 
requirements generally imposed as they are relating to radio 
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frequency surgery (IEC 601-2-2). The presence of the 
capacitor 18 forming a resonance circuit with the Secondary 
winding of the resonance transformer 6 in connection with 
the limiting of the radio frequency current is important in 
connection with the present invention. 

The relatively small radio frequency current of from about 
20 to 100 mA depending on the capacity of the hand piece 
capacitor leads in the discharge channel to only a slight 
heating. Based on the very Small impingement Surface of the 
electric arc onto the tissue, where the diameter of the 
impingement Surface amounts to only a few hundred 
micrometers, there is generated locally a very high current 
density, which very high current density locally leads to a 
Strong heating of the tissue. This current density drops 
however already in a very Small distance from the impinge 
ment point of the electric arc to values, which values would 
not lead any longer to any observable heating of the tissue. 
Since the radio frequency essentially flows off from the 
patient to ground as a capacitive displacement current, an 
electrical current flow through tissues and thereby possibly 
damaging deeper disposed tissue layerS is thereby pre 
vented. 

If the electric arc is lead in a quick Sequence over the 
tissue Surface, then the tissue Surface is coagulated with a 
very Small penetration depth. A point shaped application, 
where the electric arc essentially hits always the same 
position, leads to Such a strong heating of the tissue Surface 
that the tissue practically is evaporated. This method allows 
to evaporate tissue from the Surface of the tissue. 

Referring now to FIG. 3 there is shown an oscillator 4 
Supplying a rectangular pulse Voltage to the transistor 5. This 
transistor 5 Switches and applies the voltage delivered by the 
automatically controllable Voltage Source 8 and the power 
capture/power limiter 7 periodically to the primary winding 
of the resonance transformer 6. This resonance transformer 
6 contains a primary winding with a few windings from 
about 3 to 30 as well as a secondary winding with many 
windings from about 50 to 1000 and preferably from about 
100 to 500, which are wound onto a ferrite core with an air 
gap. The capacity 15 (FIG. 3) of the coaxial line in the hand 
cable 14 forms a resonance circuit together with the Sec 
ondary winding of the resonance transformer 6. If the 
transistor 5 is controlled with the resonance frequency of the 
transformer 6, then the Secondary winding of the resonance 
transformer 6 delivers a high Sinusoidal radio frequency 
voltage with values of from about 2000 to 4000 volts. The 
radio frequency current passes to an electrode 22 formed as 
a tip through the hand piece capacitor 18 disposed in the 
hand piece 17. An easily ionizable gas Such as He is led 
through the tube 12 in the hand piece cable to the electrode 
tip 22, wherein the electrode tip 22 is disposed in and/or 
protrudes from the nozzle 23. The high radio frequency 
Voltage causes a plasma discharge as an electric arc 28 
toward the tissue surface of the patient 29. The patient forms 
the Stray capacity 16 relative to the ground. The radio 
frequency current flows through this Stray capacity and 
through the ground potential back to the resonance trans 
former 6. The position with reference numeral 131 shows 
Schematically the course of the current. 

The impedance of the electric arc depends on the length 
of the electric arc and on the radio frequency current. The 
electric arc impedance falls Strongly in case of a high current 
density in the electric arc. This requires a limitation of the 
radio frequency current. This limitation is effected by the 
impedance of the hand piece capacitor 18 (FIGS. 1 and 2). 
The hand piece capacitor 18 is furnished with a capacity of 
preferably from about 10 to 50 pF depending on the desired 
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8 
radio frequency current. In case of a generator frequency of 
about 350 kHz this results in an impedance value of from 
about 9 to 45 kohm. In case of a voltage of 3000 volts there 
are resulting currents from about 65 to 330 mA. However 
only currents in the region of from about 40 to 120 mA are 
measured because of the generally fairly high impedance of 
the electric arc. 

The high resonance quality of the resonance transformer 
6 requires an excitation with the exact resonance frequency. 
The impedance derived from the hand piece capacitor 18 
and derived from the electric arc influences the resonance 
frequency of the resonance transformer 6. This leads to a 
heavy drop-off of the resonance frequency at the time when 
the plasma discharge is started. This resonance drop off 
varies depending on the discharge conditions within the 
electric arc 28. Therefore an exact frequency control of the 
oscillator relative to the actual resonance frequency of the 
resonance transformer 6 is necessary. A difference between 
the actual resonance frequency and the oscillator frequency 
is observable in the change of the phase angle between the 
oscillator Signal and the Signal at the primary winding of the 
resonance transformer 6. The phase comparison Stage 10 
compares the two phase positions relative to each other and 
delivers the actual value to the automatic frequency control 
circuit 9 (FIG. 3). If the phase angle deviates from the 
predetermined value for an exact coincidence with the 
resonant frequency, then the Oscillator frequency is corre 
spondingly corrected by a control Signal. 

In case a high electrical power is delivered to the electric 
arc 28, then the power acceptance of the end Stage including 
transistor 5 (FIGS. 1 and 3) also rises. A surpassing of the 
limiting value of the radio frequency current, through oper 
ating means of the apparatus not illustrated here, effects at 
reduction of the direct current delivered by the automatically 
controllable voltage source 8 by way of an electrical control 
Signal. 
The hand piece 17 is shown in detail in FIGS. 4 and 5. An 

easily ionizable gas Such as He passes through a tube conduit 
19 from the hand piece cable 14 into the metal tube 20. The 
easily ionizable gas passes through a gas discharge opening 
21 into the nozzle 23 and leaves the hand piece 17 as a beam. 
The radio frequency Voltage delivered by the resonance 

transformer 6 passes through a coaxial line disposed in the 
hand piece cable to a metalization 18a disposed on top of an 
isolating layer formed by a dielectric 18b. For example a 
Silicon tube is employed as a dielectric, wherein the Silicon 
tube is slid onto the metal tube 20. A thin metal foil, which 
thin metal foil for example is made of copper, can be 
employed to furnish the metalization 18a (FIG. 4). The wire 
of the coaxial cable is connected to the metalization in the 
region 11a, for example by Soldering. 
The metalization 18a on the dielectric 18b (FIG. 5) forms 

together with the metal tube 20 a capacitor, wherein the 
capacitor as mentioned above Serves for limiting the current 
of the plasma discharge. Depending on the construction and 
the dimensions of the metal tube, of the isolating layer and 
of the length of the metalization there can be realized 
capacities falling into a range of from about 2.5 to 150 pF 
and preferably falling into a range of from about 5 to 50 pF. 
The current of the plasma discharge and thereby the plasma 
power can be adapted to the desired purpose of application 
of the hand piece. Capacities of substantially more than 50 
pF will deliver in general Such intense plasma currents, 
which plasma currents are too high for Surgical purposes. 
The hand piece according to FIG. 8 shows a construction 

similar to that shown in FIGS. 5, 6 and 7. The exchange 
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ability of the ceramic nozzle and of the metal tip is an 
advantageous feature associated with the embodiment of 
FIG. 8. 
A handpiece with exchangeable adapters and/or probes is 

shown in FIG. 9. The internal construction is substantially 
the same as that of the embodiments shown in FIGS. 5, 6, 
7 and 8. The embodiment of FIG. 9 is associated with the 
advantage that to plug in different application components of 
varying length and of varying diameter as illustrated. A 
Screw-in coupling is provided between the part carrying the 
electrode tip and the part held by hand. The endoscopy probe 
shown in FIG. 10 is a possible application part for the hand 
piece of FIG. 9. 

According to FIGS. 10, 11 and 12, the tubular shaped 
probe comprises an internal conductor 36 for transporting 
the radio frequency current. The internal conductor 36 is 
disposed inside of a core made of insulating plastic 35. 
Teflon is particular suitable for this purpose. This core is 
surrounded by a plastic tube 33. The gas flows only in the 
edge region (compare core Sectional view shown in FIG. 11) 
through the plastic tube 33. The gas flows thereby through 
the edge region, where a low radio frequency field Strength 
prevails. The gas Stream joins at the distal and remote end 
into an inserted ceramic tube 37 (FIG. 12). The end 22 of the 
metal conductor 36 formed as a tip is disposed in the middle 
of the ceramic tube. The discharge 28 toward the tissue 
surface 29 is performed from this tip. 

It is useful to fill the complete hollow space of the hand 
piece with an isolating casting compound 25 (FIG. 4) 
because of the necessarily high frequency Voltages. 

The capacity between the electrical conductor to the tip of 
the electrode has to be furnished as Small as possible for 
endoscopy in order that radio frequency Voltage does not 
drop too far, because the Straight capacity of the conductor 
to the Surface of the probe or, respectively, to the metal parts 
of the endoscope forms a Voltage divider with the hand piece 
capacitor 18. This discharge current can lead to picture 
interferences with camera endoscopes. The high field 
Strength in the region of the conductor presents another 
problem Such that already ionization can occur here. Ion 
ization occurs in particular upon use of He. The construction 
according to FIGS. 10, 11 and 12 reduces the effect of the 
discharge currents to permissible Small values. 

FIG. 13 shows the resonance transformer as an air coil 
without a core. The air coil comprises a primary winding 40 
with a small number of windings of about 18 furnished by 
a relatively thick enamelled copper wire of a diameter of 
about 1 to 1.5 mm. The Secondary winding comprises about 
450 windings with a diameter of 0.2 mm. An isolating layer 
41 is disposed between the primary winding and the Sec 
ondary winding. The primary winding 40a, 40b is connected 
to the final Stage as described in FIG. 1 or, respectively in 
FIG. 3. The start of the secondary winding 42a is connected 
to ground 31, while the end 42b of the secondary winding is 
connected to the coaxial line of the hand piece. A resonance 
frequency of about 350 kHz results with a capacity of the 
coaxial line of the hand piece cable of about 200 pF. 

FIG. 14 shows a resonance transformer with a ferrite core. 
The two windings 40, 42 and the coil body 43 are placed 
here in a Subdivided ferrite core having two core halves 44a, 
44b. The air gap 45 defines the magnetic resistance and 
defines the inductivity of the secondary coil and thus the 
resonance frequency of the System in case of a predeter 
mined number of windings of the secondary coil. The 
advantage of this arrangement according to FIG. 14 as 
compared to the arrangement of FIG. 13 resides in the lower 
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winding number of the secondary winding. About 75 wind 
ings on the Secondary Side are here Sufficient. The primary 
winding 40 comprises three windings of enamelled copper 
wire having a diameter of 1 mm. 
The advantageous features of the present radio frequency 

generator for Surgical cuts are associated with the resonance 
transformer and with the capacitor disposed in the hand 
piece. Small peak currents are generated in comparison to 
conventional radio frequency Surgery. No neutral electrode 
is required according to the construction of the present 
invention. The radio frequency current course corresponds 
to that which would result from the circuit of FIGS. 1 and 
3. The hand piece capacitor preferably exhibits a capacity of 
from about 5 to 50 pF for delimiting the radio frequency 
current. The oscillator is controlled to a frequency which 
corresponds to the resonance frequency. The ignition coil is 
furnished by the resonance transformer. 
The hand piece according to FIG. 15 shows a construction 

similar to that shown in FIGS. 5, 6, 7 and 8. The exchange 
ability of the ceramic nozzle and of the metal tip is furnished 
by a quick coupling plug-in connection for easy and reliable 
connection. The quick coupling is provided by guide con 
tours extending in the longitudinal direction of the hand 
piece 17. A locking mechanism can be provided to define an 
end position after insertion of the electrode part 22 into the 
part held by hand 17. 

FIG. 16 shows additional details of an electronic circuit 
for generating a radio frequency for a plasma device for 
Surgery. The frequency is coarsely preselected through the 
signal (FRO) by the processor interface 101 according to 
FIG. 16. The interface 101 of the processor, which delivers 
the analog and digital Signals for parameter transfer, is 
controlled by a microprocessor (central processor unit bus) 
not described in detail here through a corresponding Soft 
WC. 

This signal (FRO) passes to the Voltage controlled oscil 
lator 102. The pulse transformer 103 delivers short Switch 
on pulses to the final stage 104, wherein the final stage 104 
periodically Switches the operating Voltage UE to the pri 
mary coil of the ignition coil represented by a resonance 
transformer 6 (=signal HF-OUT). The output signal (HF 
OUT) is processed at the position 105, which means the 
output signal (HF-OUT) is integrated and limited and then 
further led to a phase comparator 106. 
The phase comparator 106 now compares the phases of 

the output signal, wherein the output signal is derived from 
the signal processing 105 with the phase of the oscillator 
102-this is the signal OSZ-and then delivers the phase 
difference as an analog Voltage to the frequency controller 
107. The frequency controller 107 now compares the phase 
Signal with a predetermined reference value and controls the 
frequency of the oscillator 102 with the aid of the signal 
(FRO-TUNE) to a frequency, wherein the phase difference 
coincides with the predetermined reference value at the 
frequency. The resonance transformer is tuned to the desired 
resonance frequency after this procedure. 
The operating Voltage U passes from the power Supply 

pack unit through a current capture unit 108 to the final Stage 
104. The current capture unit 108 delivers the signal I to the 
current limiter 109, whereby an overload of the final stage 
104 is prevented. The power supply pack unit voltage U is 
correspondingly reduced through the control signal DOWN 
upon Surpassing of the maximum current defined with the 
Signal ImaX. 
The power capture unit 110 multiplies the actual final 

Stage current Ia with the operating Voltage U applied to the 
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final Stage and then delivers the resulting value, that is the 
power received by the final stage 104, to the power control 
ler 111. 

The power controller 11 now compares power signal P to 
the predetermined value Pmax delivered by the interface. 
Upon Surpassing of this predetermined value Pmax, then the 
power Supply pack unit voltage is reduced for Such time 
through the controlled signal DOWN until the set power 
coincide. 

The Switching transistor connects the primary winding of 
the resonance transformer periodically to the operating 
Voltage. This has to be performed exactly with the resonance 
frequency of the resonance transformer 6. The resonance 
frequency is correctly Selected if the actual Voltage at the 
primary winding is opposed to the operating Voltage at the 
point in time of the Switch-on process. The phase between 
the control Signal at the Switching transistor and the radio 
frequency signal at the resonance transformer 6 thus can be 
employed as a direct criteria for the correct resonance 
frequency. 

The resonance transformer 6 comprises a primary wind 
ing with a few windings, as well as a Secondary winding. 
The Secondary winding is connected to a co-axial cable of 
the hand piece conduit. The inductivity of the Secondary 
winding and the capacity of the coaxial cable form an 
oscillating circuit, wherein the radio frequency generator has 
to be tuned to the resonance frequency of the oscillating 
circuit. A radio frequency voltage of 2000 to 3000 volts is 
reached at the output of the resonance transformer. The 
outside conduct of the coaxial cable is additionally 
grounded. 

The amplitude of the radio frequency Voltage at the 
primary winding of the resonance transformer corresponds 
approximately to the operating Voltage in case of a correct 
resonance frequency. The automatic control of the radio 
frequency output Voltage is performed by varying the oper 
ating Voltage. An automatic control and/or limitation of the 
output power is performed by a direct measurement of the 
discharge power at the resonance transformer. 
A monitor circuit is disposed between the radio frequency 

generator and the resonance transformer. The monitor circuit 
Scans, tests and monitors the delivered power of the radio 
frequency Voltage and other parameters. The monitor circuit 
Switches the apparatus of and generates an alarm in case of 
impermissible deviations for example regarding the power 
discharge or, respectively, the radio frequency current and 
other parameters. 

The connection of the plasma radio frequency generator 
to a hand piece for Surgery is illustrated in the embodiment 
shown in FIG. 17. 

A radio frequency generator 121 is connected to a con 
nection piece 123 attached to a hand piece 124 through a 
radio frequency connection cable 122 including a gas hose. 

The hand piece 124 is connected to the: radio frequency 
generator apparatuS 121 through a line 122, wherein the 
apparatus 121 comprises a coaxial cable and a He gas feed 
as well as control lines for the required operating key for 
activating the apparatus. 
The connection cable 122 is connected to an insulated gas 

tube 130. The insulated gas tube 130 extends into a first 
capacitor part 127 including a gas tube. Then the first 
capacitor part 127 is disposed centrally in the elongated 
cylindrical hand piece 124. 
A capacitor 127, 128 is disposed in the hand piece 124 

wherein the capacitor 127, 128 is placed between the tip of 
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the electrode 126 and the wire of the coaxial line 122. This 
capacitor 127, 128 limits the maximum radio frequency 
current to values below a defined and predetermined value 
of for example under 150 mA, wherein 150 mA is generally 
the maximum permissible discharge current in radio fre 
quency Surgery. 
The hand piece 124 is tapered conically at its end disposed 

remote to the connection piece 123 and ends in a gas orifice 
125. The first capacitor part 127 extends on the periphery of 
an ignition needle 126 running into the gas orifice 125. A 
Second capacitor part 128 is disposed opposed to the first 
capacitor part 127. A connection cable 129 connects the 
connection piece 123 to the Second capacitor part 128. 
The tip 126 of the electrode together with the gas dis 

charge is disposed in a heat resistant nozzle 125. The 
discharge of the gas and the electrode can also be formed as 
a metal tube. The plasma discharge (electric arc) starts with 
this electrode. The capacitor can be constructed to form a 
unit together with the electrode. 

APPLICATION OF THE RADIO FREQUENCY 
GENERATOR 

The advantages of the System of the present invention for 
coagulation of tissue include a very low penetration depth of 
the coagulation, very Small radio frequency peak currents, 
or, respectively, Substantially reduced current flow through 
the patient, Since the patient does not have to be connected 
to a non-ground electrode, and clearly reduced electrical 
damages of cells disposed in the coagulation Zone. 

It will be understood that each of the elements described 
above, or two or more together, may also find a useful 
application in other types of radio frequency generator 
System configurations and Surgical cutting procedures dif 
fering from the types described above. 
While the invention has been illustrated and described as 

embodied in the context of a plasma generator for radio 
frequency Surgical cutting, it is not intended to be limited to 
the details shown, Since various modifications and structural 
changes may be made without departing in any way from the 
Spirit of the present invention. 

Without further analysis, the foregoing will so fully reveal 
the gist of the present invention that others can, by applying 
current knowledge, readily adapt it for various applications 
without omitting features that, from the Standpoint of prior 
art, fairly constitute essential characteristics of the generic or 
Specific aspects of this invention. 
What is claimed as new and desired to be protected by 

Letters Patent is Set forth in the appended claims. 
What is claimed is: 
1. A plasma generator for generating a cold plasma jet 

beam comprising a frequency tunable oscillator; a power 
end Stage connected to the frequency tunable oscillator, 
wherein the oscillator controls a power end Stage; a reso 
nance transformer connected directly to the power end Stage 
for delivering a high Voltage radio frequency; a phase 
comparison Stage having a first input and a Second input, an 
automatic frequency control circuit connected to the phase 
comparison Stage; an oscillator connected to the automatic 
frequency control circuit, and connected to the first input of 
the phase comparison Stage, wherein the power end Stage 
operates as a Switch and is connected to the Second input of 
the phase comparison Stage; 

wherein the automatic frequency control circuit (9) tunes 
the frequency of the rectangular pulse voltage (4), 
wherein the Secondary winding of the resonance trans 
former (6) delivers a high sinusoidal radio frequency 
voltage with values of from about 2000 to 4000 volts. 
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2. A plasma generator for generating a cold plasma jet 
beam comprising a frequency tunable oscillator, a power 
end Stage connected to the frequency tunable oscillator, 
wherein the oscillator controls a power end Stage; a reso 
nance transformer connected directly to the power end Stage 
for delivering a high Voltage radio frequency; 

a hand piece having a first end; a radio frequency con 
nection cable including a gas hose connected to the 
power end Stage and to the first end to the hand piece; 

wherein the hand piece comprises: 
an insulated gas tube connected to the gas hose; 
a first capacitor part including a gas tube, wherein the 

insulated gas tube extends into the first capacitor part 
including a gas tube and wherein the first capacitor part 
is disposed centrally in the elongated cylindrical hand 
piece, 

a metal tube connected to the insulated gas tube is 
disposed centrally in the elongated cylindrical hand 
piece and forms the Second capacitor part; 

an electrode having a tip disposed at a Second end of the 
hand piece disposed opposite to the first end and 
connected to the metal tube, 

a capacitor disposed in the hand piece wherein the capaci 
tor is connected to the tip of the electrode and to the 
radio frequency connection cable. 

3. A plasma generator for generating a cold plasma jet 
beam comprising a frequency tunable oscillator, a power 
end Stage connected to the frequency tunable oscillator, 
wherein the oscillator controls a power end Stage; a reso 
nance transformer connected directly to the power end Stage 
for delivering a high voltage radio frequency; 

a hand piece having a first end; a radio frequency con 
nection cable including a gas hose connected to the 
power end Stage and to the first end to the hand piece; 

wherein the hand piece comprises: an insulated gas tube 
connected to the radio frequency connection cable; 

a first capacitor part including a gas tube, wherein the 
insulated gas tube extends into the first capacitor part 
including a gas tube and wherein the first capacitor part 
is disposed centrally in the elongated cylindrical hand 
piece; a metal tube connected to the insulated gas tube 
is disposed centrally in the elongated cylindrical hand 
piece and forms the Second capacitor part; 

an electrode having a tip disposed at a Second end of the 
hand piece disposed opposite to the first end and 
connected to the metal tube, 

a capacitor disposed in the hand piece wherein the capaci 
tor is connected to the tip of the electrode and to the 
radio frequency connection cable. 

4. The plasma generator according to claim 3, further 
comprising means for changing the operating Voltage, 
wherein a control of the delivered RF-power is performed by 
changing the operating Voltage; and a power capture Stage 
connected to the power end Stage for capturing the power of 
the power end Stage by multiplying an input current with an 
input voltage entering at the power end Stage. 

5. The plasma generator according to claim 4, further 
comprising means for measuring the radio frequency power 
delivered by the power end Stage and connected to the power 
end Stage. 

6. The plasma generator according to claim 3, wherein the 
power end Stage operates as a Switch, and wherein the 
resonance transformer has a primary winding and has a 
Secondary winding, wherein an output Signal of the power 
end Stage is delivered to the primary winding of the reso 
nance transformer. 
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7. The plasma generator according to claim 6, further 

comprising measurement means for determining a phase 
difference and having a first input connected to the primary 
winding of the resonance transformer, and 

having a Second input connected to the frequency tunable 
Oscillator, 

wherein a phase difference between the OScillator Signal 
and an output Signal of the power end Stage is measured 
by the measurement means, and 

wherein Said output of the measurement means is con 
nected to an input of the frequency tunable oscillator 
for tuning of the frequency of the frequency tunable 
Oscillator. 

8. The plasma generator according to claim 6, further 
comprising a control unit connected to the measurement 
means and to the frequency tunable oscillator for tuning the 
oscillator frequency relative to a resonance frequency of the 
resonance transformer. 

9. The plasma generator according to claim 6, further 
comprising means for measuring the radio frequency power 
delivered by the resonance transformer and connected to the 
resonance transformer. 

10. A plasma generator for generating a cold plasma jet 
beam comprising 

a frequency tunable oscillator; 
a power end Stage connected to the frequency tunable 

Oscillator, wherein the OScillator controls the power end 
Stage, 

a resonance transformer connected directly to the power 
end Stage for delivering a high Voltage radio frequency; 

wherein the power end Stage operates as a Switch, and 
wherein the resonance transformer has a primary wind 
ing and has a Secondary winding, wherein an output 
Signal of the power end Stage is delivered to the primary 
winding of the resonance transformer; and 

a hand piece, wherein a radio frequency generator is 
connected to the hand piece by a cable, and wherein the 
resonance transformer is part of the radio frequency 
generator. 

11. A plasma generator for generating a cold plasma jet 
beam comprising 

a frequency tunable oscillator, 
a power end Stage connected to the frequency tunable 

Oscillator, wherein the OScillator controls the power end 
Stage, 

a resonance transformer connected directly to the power 
end Stage for delivering a high Voltage radio frequency; 

means for changing the operating Voltage, wherein a 
control of the delivered RF-power is performed by 
changing the operating Voltage; and a power capture 
Stage connected to the power end Stage for capturing 
the power of the power end Stage by multiplying an 
input current with an input voltage entering at the 
power end Stage, 

wherein the frequency of the delivered RF-power is about 
350 kHZ. 

12. A plasma generator for generating a cold plasma jet 
beam comprising a frequency tunable oscillator; a power 
end Stage connected to the frequency tunable oscillator, 
wherein the oscillator controls a power end Stage, a hand 
piece having a first end; a radio frequency connection cable 
including a gas hose connected to the power end Stage and 
to the first end of the hand piece; wherein the hand piece 
comprises: 

an insulated gas tube connected to the radio frequency 
connection cable; a first capacitor part including a gas 



US 6,958,063 B1 
15 

tube, wherein the insulated gas tube extends into the 
first capacitor part including a gas tube and wherein the 
first capacitor part is disposed centrally in the elongated 
cylindrical hand piece; an electrode having a tip dis 
posed at a Second end of the hand piece disposed 
opposite to the first end; a capacitor disposed in the 
hand piece wherein the capacitor is connected to the tip 
of the electrode and to the radio frequency connection 
cable; a gas orifice disposed at the Second end of the 
hand piece, wherein the hand piece is tapered conically 
at its Second end; an ignition needle disposed in the gas 
orifice, wherein the first capacitor part extends to the 
ignition needle; a Second capacitor part disposed 
opposed to the first capacitor part. 

13. The plasma generator according to claim 12, wherein 
the first capacitor part and the Second capacitor part limit a 
maximum radio frequency current to values below under a 
set value from about 40 to 2000 mA. 

14. The plasma generator according to claim 12, wherein 
the hand piece exhibits the shape of an elongated cylinder 
and a Screw-in coupling is provided between the part car 
rying the electrode tip and the part held by hand. 

15. A plasma generator for generating of a cold plasma jet 
beam wherein a plasma generator is furnished with a sepa 
rate frequency tunable oscillator, wherein the Separate fre 
quency tunable oscillator controls a power end Stage and 
wherein a resonance transformer is directly connected to the 
power end Stage and wherein the plasma generator includes 
the power end Stage and the resonance transformer; 

wherein a phase comparison Stage (10) measures a phase 
difference between a rectangular pulse signal and the 
output signal of the power end stage (5), wherein the 
output of the phase comparison Stage is connected to an 
input of an automatic frequency control circuit (9); 

wherein the automatic frequency control circuit (9) tunes 
the frequency of the rectangular pulse voltage (4), 
wherein the Secondary winding of the resonance trans 
former (6) delivers a high sinusoidal radio frequency 
voltage with values of from about 2000 to 4000 volts. 

16. The plasma generator according to claim 15, wherein 
an output signal of the power end stage (5) operating as a 
Switch is delivered to the primary winding of the resonance 
transformer. 

17. The plasma generator according to claim 15, further 
comprising 

a hand piece having a first end; 
a radio frequency connection cable including a gas hose 

connected to the power end Stage and to the first end to 
the hand piece. 

18. The plasma generator according to claim 17, wherein 
the hand piece comprises: an insulated gas tube connected to 
the radio frequency connection cable; 

a first capacitor part including a gas tube, wherein the 
insulated gas tube extends into the first capacitor part 
including a gas tube and wherein the first capacitor part 
is disposed centrally in the elongated cylindrical hand 
piece; a metal tube connected to the insulated gas tube 
is disposed centrally in the elongated cylindrical hand 
piece and forms the Second capacitor part; 

an electrode having a tip disposed at a Second end of the 
hand piece disposed opposite to the first end and 
connected to the metal tube, 

a capacitor disposed in the hand piece wherein the capaci 
tor is connected to the tip of the electrode and to the 
radio frequency connection cable. 

19. The plasma generator according to claim 15, further 
comprising a measurement means connected to the power 
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end Stage, wherein the phase difference between the oscil 
lator Signal and the output signal of the power end stage (5) 
(signal RF-OUT) is measured by the measurement means 
for tuning of the oscillator frequency. 

20. The plasma generator according to claim 19, wherein 
a control unit is furnished for tuning the OScillator frequency 
relative to the resonance frequency of the resonance trans 
former based on output signals of the measurement means. 

21. The plasma generator according to claim 15, wherein 
control of the delivered RF-power and the current are 
performed by changing the operating Voltage and wherein 
the power is captured by multiplying of input current and 
input voltage at the final Stage. 

22. The plasma generator according to claim 21, wherein 
the power control is performed by a direct measurement of 
the RF-power and the current delivered by the generator or, 
respectively, by a direct measurement of the delivered 
RF-power and the current of the resonance transformer. 

23. A plasma generator for generating a cold plasma jet 
beam comprising 

a casing: 
a radio frequency generator for delivering a radio fre 

quency capacitive displacement current; 
a gas Supply apparatus for delivering a noble gas wherein 

the radio frequency generator and the gas Supply appa 
ratus are placed in the casing; 

a hand piece cable connected to the radio frequency 
generator and to the gas Supply apparatus, 

a hand piece connected to the hand piece cable for 
operating a plasma; 

wherein the radio frequency generator comprises 
a phase comparison Stage having a first input and a Second 

input and an automatic frequency control circuit (9) 
connected to the phase comparison Stage; 

an oscillator connected to the automatic frequency control 
circuit, and connected to the first input of the phase 
comparison Stage; 

a power end Stage connected to the oscillator and oper 
ating as a Switch, wherein the power end Stage is 
controlled by the oscillator and connected to the Second 
input of the phase comparison Stage; 

a power capture/power limiter connected to the power end 
Stage, wherein the power capture/power limiter limits 
the consumption of the power and current by the power 
end Stage; 

an automatically controllable Voltage Source, wherein an 
automatically controllable Voltage Source delivers the 
Voltage to the power end Stage and is controlled by the 
capture/power limiter, 

a resonance transformer having a primary winding and 
having a Secondary winding, wherein the primary 
winding is connected to the Second input of the phase 
comparison Stage and to the power end Stage, and 
wherein the primary winding is grounded: 

wherein the phase comparison stage (10) measures a 
phase difference between the rectangular pulse Signal 
and the output signal of the power end stage (5), 
wherein the output of the phase comparison Stage is 
connected to an input of the automatic frequency 
control circuit (9); 

wherein the automatic frequency control circuit (9) tunes 
the frequency of the rectangular pulse voltage (4), 
wherein the Secondary winding of the resonance trans 
former (6) delivers a high sinusoidal radio frequency 
voltage with values of from about 2000 to 4000 volts. 
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24. The plasma generator according to the claim 23, 
wherein the power end stage (5) delivers an output signal to 
the primary winding of the resonance transformer (6) and to 
Second input of the phase comparison stage (10). 

25. The plasma generator according to the claim 23, 
wherein the oscillator (4) generates a rectangular pulse 
Voltage signal. 

26. The plasma generator according to the claim 23, 
wherein the power capture/power limiter (7) drives the 
operating voltage Source (8) for automatically controlling 
and delimiting the output power of the power end Stage (5). 

27. The plasma generator according to the claim 23, 
wherein a first end of the hand cable (14) is connected to the 
radio frequency generator (3) and a second end of the hand 
cable is connected to the hand piece and comprising: a 
coaxial line (11), wherein the coaxial line (11) is connected 
to the Secondary winding of the resonance transformer (6), 
and wherein the capacity (15) of the coaxial line (11) forms 
a resonance circuit together with the Secondary winding of 
the resonance transformer (6); a gas tube (12), wherein the 
gas tube (12) is connected to the gas Supply apparatus (2). 

28. The plasma generator according to claim 27, wherein 
the hand piece (17) has a first end connected to the Second 
end of the hand cable (14). 

29. A plasma generator for generating a cold plasma jet 
beam comprising 

a casing: 
a radio frequency generator for delivering a radio fre 

quency capacitive displacement current; 
a gas Supply apparatus for delivering a noble gas wherein 

the radio frequency generator and the gas Supply appa 
ratus are placed in the casing; 

a hand piece cable connected to the radio frequency 
generator and to the gas Supply apparatus; a hand piece 
connected to the hand piece cable for operating a 
plasma; 

wherein the hand piece exhibits the shape of an elongated 
cylinder and comprises: 

a metal tube (20), wherein the metal tube is disposed 
centrally in the hand piece, and wherein the metal tube 
is a second layer of a capacitance (18); 

an electrode having a tip disposed at a Second end of the 
hand piece and connected to the metal tube, an insu 
lated gas line (19) slidable onto the metal tube (20) and 
Supplying a noble gas; a conducting layer (18a) dis 
posed onto the gas line (19), wherein the conducting 
layer is a first part of a capacitance (18); 

a gas orifice disposed at the Second end of the hand piece, 
wherein the hand piece is tapered conically at its 
Second end. 

30. The plasma generator according to the claim 29, 
wherein the radio frequency generator comprises 

a phase comparison Stage having a first input and a Second 
input, and an automatic frequency control circuit (9) 
connected to the phase comparison Stage; 

an oscillator connected to the automatic frequency control 
circuit, and connected to the first input of the phase 
comparison Stage; 

a power end Stage connected to the OScillator and oper 
ating as a Switch, wherein the power end Stage is 
controlled by the oscillator and connected to the Second 
input of the phase comparison Stage; 
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a power capture/power limiter connected to the power end 

Stage, wherein the power capture/power limiter limits 
the consumption of the power and current by the power 
end Stage; 

an automatically controllable Voltage Source, wherein an 
automatically controllable Voltage Source delivers the 
Voltage to the power end Stage and is controlled by the 
capture/power limiter; 

a resonance transformer having a primary winding and 
having a Secondary winding, wherein the primary 
winding is connected to the Second input of the phase 
comparison Stage and to the power end Stage, and 
wherein the primary winding is grounded. 

31. The plasma generator according to claim 29, wherein 
the Space between the conduct layer (18a) and the casing of 
the hand piece (17) is filled with an isolating casting 
compound (25). 

32. The plasma generator according to claim 29, wherein 
the first conduct layer of the capacitance (18) is connected 
to the coaxial line (11). 

33. The plasma generator according to claim 29, wherein 
the electrode (22) is an ignition needle disposed in the gas 
orifice. 

34. The plasma generator according to claim 29, wherein 
the first conduct layer and the Second conduct layer form a 
capacitance, wherein the capacitance limit a maximum radio 
frequency current to values below under a Set value from 
about 40 to 150 mA. 

35. The plasma generator according to the claim 29, 
wherein the power end stage (5) delivers an output signal to 
the primary winding of the resonance transformer (6) and to 
Second input of the phase comparison stage (10). 

36. The plasma generator according to the claim 29, 
wherein the power capture/power limiter (7) drives the 
operating voltage Source (8) for automatically controlling 
and delimiting the output power of the power end Stage (5). 

37. The plasma generator according to the claim 29, 
wherein the phase comparison stage (10) measures a phase 
difference between the rectangular pulse Signal and the 
output signal of the power end stage (5), wherein the output 
of the phase comparison Stage is connected to an input of the 
automatic frequency control circuit (9). 

38. The plasma generator according to the claim 37, 
wherein the automatic frequency control circuit (9) tunes the 
frequency of the rectangular pulse voltage (4), wherein the 
Secondary winding of the resonance transformer (6) delivers 
a high Sinusoidal radio frequency Voltage with values of 
from about 2000 to 4000 volts. 

39. A hand piece for delivering a radio frequency power 
and a gas flow from a plasma generator to an object 
comprising 

a capacitor disposed between a first and a Second end of 
the hand piece, wherein the capacitor limits the radio 
frequency power; 

a flow gas tube connected to the first end of the hand piece 
for delivering the gas to the hand piece; a gas orifice 
disposed at the Second end of the hand piece; 

a metal tube connected to the flow gas tube and to the gas 
orifice, a coaxial line, wherein the coaxial line con 
nected to the first end of the hand piece and to a first 
pole of the capacitor, 

an ignition needle disposed in the gas orifice, wherein the 
ignition needle is connected to a Second pole of the 
capacitor. 
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40. The hand piece according to claim 39, wherein the 
capacitor is formed by the metal tube, by an insulating layer 
placed on the metal tube, and by a metallic covering 
disposed on the insulating layer. 

41. The hand piece according to claim 39, further com 
prising a Second capacitor formed by the coaxial line for 
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forming a resonance circuit together with a Secondary wind 
ing of a resonance transformer delivering the radio fre 
quency power to the hand piece. 


